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Introduction
[bookmark: _Toc242573354]In RAN2#104 in Spokane it was agreed for LTE that conditional handover is one solution that should be considered for improving the handover robustness, as part of the equivalent work item for Further Enhanced Mobility Enhancements. Then, in RAN2#105 in Athens, a bit more progress has been achieved and the following was agreed:
Agreements
1: The baseline operation for E-UTRAN Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.
3: The baseline operation for E-UTRAN Conditional HO assumes the source eNB remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration Complete message to target eNB. 
. . . 

In this contribution we discuss some further details for the CHO execution in LTE.
Discussion
Conditional Handover
In conditional handover the network configures the UE with triggering conditions for when a handover should be executed. When the conditions are fulfilled, the UE executes the handover without any further order from the network. The advantage of the procedure is that the HO Command may be provided to the UE at an earlier stage before the radio conditions have become poor, which increases the chance of a successful transmission of the message. The basic signalling flow for conditional handover is shown in Figure 1.
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[bookmark: _Ref463051822]Figure 1: Conditional handover
UE actions upon reception of a CHO Configuration
In legacy handovers in LTE, the source receives the configuration prepared by target and provides to the UE in an RRCConnectionReconfiguration message containing a mobilityControlInfo field containing instructions for the UE to access the target cell e.g. RACH parameters, cell identity, frequency, etc. In CHO, similar information needs to be provided to the UE for a target candidate. In addition, the UE also needs the triggering condition associated to it e.g. an A3 event like configuration, so that the provided configuration is only applied if/when the condition is fulfilled.
In RAN2#105 in Athens, the content described above for the CHO has been agreed:
Agreements
1: The baseline operation for E-UTRAN Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.
. . . 
Furthermore, in RAN2#106, it was agreed that the triggering condition would be similar to A3/A5 conditions
6	A3/A5-like CHO execution condition shall be specified. 

CHO configuration consists of an RRC Reconfiguration and associated trigger condition configuration (e.g. A3/A5 event) for a target cell candidate. 

Upon receiving the CHO triggering condition(s) and dedicated RRC configuration(s), the UE starts to perform the monitoring of the trigger conditions. That involves the UE performing measurements in specific frequencies (and specific cells), either indicated in measurement objects associated to the triggering conditions or the target cell/Frequency in mobilityControlInfo associated to the CHO configuration.
Upon reception of a CHO configuration, the UE starts to monitor the triggering conditions.

UE actions upon fulfilment of triggering conditions of CHO 
In RAN2#104, it was agreed for LTE that it should be possible to configure multiple target cells for CHO:
Agreements
[bookmark: _Hlk979690]1	Support configuration of one or more candidate cells for conditional handover.

In our view, the configuration of conditional handover triggering conditions will very similar to event-triggered measurement reporting configuration (e.g. A3 event) as defined in the ReportConfig IE. Hence, the UE is provided with a carrier frequency and possibly a list of cells to be monitored and multiple cells may fulfil the condition at a given measurement period. In the case of measurement report, these are called triggering cells and are included in the measurement report.

More than one cell may fulfil a trigger condition at a given measurement period.
[bookmark: _Hlk1023792]Define a cell selection mechanism for CHO execution in the case of multiple triggering cells. FFS details of cell selection mechanism.

UE actions upon cell selection of a CHO target candidate
After the UE selects a target candidate, or at the simplest case, the UE only has a single triggering cell, the UE applies the dedicated RRC reconfiguration associated to the selected cell. In our view, that dedicated configuration has exactly the same content of an RRCConnectionReconfiguration with mobilityControlInfo, and from that point onwards the procedure would follow at least the same steps as in legacy handover, as specified in TS 36.331, 5.3.5.4 Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover).
Upon selecting a target candidate cell, the UE performs (at least) actions upon reception of RRCConnectionReconfiguration including the mobilityControlInfo.

If the UE has been configured with a CHO configuration for a single target cell candidate, there is only a single triggering cell. In that case, the UE has its current RRC configuration and one stored RRCConnectionReconfiguration for the target cell candidate for CHO. That is the RRC configuration to be applied when the condition is fulfilled and procedure is very similar to the legacy handover execution.
One question is whether RRCConnectionReconfiguration(s) associated to other candidate cells are considered as part of the UE Context (i.e. remain stored when the UE moves to the target cell) or if they are to be deleted. In RAN2#106 it was agreed that removal of configuration(s) after handover should be considered as the baseline.
5	Baseline that configuration of all CHO candidates are released after successful (any) handover completion (sending complete message to the target cell).
FFS if it might be possible to keep CHO candidates after the HO.

In our view it is much simpler that upon CHO execution the UE clears all other stored conditional handover configurations after a successful CHO execution. The reason is that the potential target cells are most likely different in the new cell and a new evaluation needs to be done by the new cell. Also, the transfer of different conditional handover configurations to other nodes as part of the UE context seems complex and increases the signalling load. A solution where the conditional handover configuration is not part of the UE context transferred to other gNBs is simpler and causes less signalling. Thus, in our view it is not necessary to keep CHO candidates after the HO.
Upon a successful CHO execution, the CHO candidates are not stored.

After applying the RRCConnectionReconfiguration for the selected cell and deleting CHO configurations for remaining cells that are not applied, the follow up action from the UE is to access the selected target cell (i.e. perform random access) and transmit the RRCConnectionReconfigurationComplete using the target configuration. 
Upon CHO execution, the accesses the selected target cell and transmits an RRCConnectionReconfigurationComplete using the target’s configuration.

One aspect to discuss is whether the UE should acknowledge the CHO configuration to the source eNB by sending a complete-like message (e.g. an RRCConnectionConditionalReconfigurationComplete). In legacy operation, an RRC reconfiguration is acknowledged to the source eNB with an RRCConnectionReconfigurationComplete. Meanwhile, in the case of handovers the UE executes the handover immediately when the RRCConnectionReconfiguration with mobilityControlInfo is received and the complete message is sent in the target node when the handover is completed.
In CHO the UE only applies the configuration of the conditional handover when the message is received and perhaps not the actual handover. The configuration of conditional handover could be seen as configuration of CHO measurements done in one procedure and the execution of the handover is another procedure. If it takes a while before the handover is executed it is a bit strange to keep the procedure open for a long time without any acknowledgement to the network. There are also UE performance requirements to reply within a certain time which will not be fulfilled in such a case.
It may happen that when receiving the CHO configuration containing triggering conditions for a given target cell candidate, the UE may already have available measurements to serve as input to these trigger conditions. And, it may be the case that when the UE receives the configuration the triggering conditions are fulfilled which would trigger the UE to execute a CHO upon the reception of CHO configuration. In such case it is better that the UE executes the handover as quickly as possible and not sends any complete message in source eNB.
A way to take both of these aspects into account would be that the UE sends a Complete message to source eNB to confirm the successful configuration of conditional handover, if the handover is not executed upon reception of the configuration message. But if the triggering conditions are fulfilled and the UE needs to execute the handover before the complete message has been sent, the UE has the option to omit the Complete message and instead only send the Complete message to the HO Command in target eNB. Already in legacy handover the UE has the option to omit layer 2 acknowledgements to the HO Command and omitting the Complete message to the CHO configuration is similar to that behaviour. Also, the UE should be allowed to omit layer 2 acknowledgements to the CHO configuration message in the same way as omitting it to the HO Command in legacy. The source eNB will anyhow get information from the target eNB that the handover has occurred.
The UE sends a Complete message to source eNB as response to the CHO configuration if the triggering conditions are not fulfilled upon reception of the configuration message.
The UE does not send the Complete-message to the source if the CHO is executed directly when it is added.

[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361][bookmark: _Hlk528334907]RAN2 is kindly asked to discuss the following proposals:
1. Upon reception of a CHO configuration, the UE starts to monitor the triggering conditions.
1. Define a cell selection mechanism for CHO execution in the case of multiple triggering cells. FFS details of cell selection mechanism.
1. Upon selecting a target candidate cell, the UE performs (at least) actions upon reception of RRCConnectionReconfiguration including the mobilityControlInfo.
1. Upon a successful CHO execution, the UE releases the stored CHO configurations that are not applied.
1. Upon CHO execution, the accesses the selected target cell and transmits an RRCConnectionReconfigurationComplete using the target’s configuration.
1. The UE sends a Complete message to source eNB as response to the CHO configuration if the triggering conditions are not fulfilled upon reception of the configuration message.
1. The UE does not send the Complete-message to the source if the CHO is executed directly when it is added.
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